the ethics of science communication, or issues of participation and democratic accountability in decision-making about climate action (Caney and Hepburn 2011; Keohane et al. 2014; Roser and Seidel 2015; Wallimann-Helmer 2013 , 2015a .
Given the sheer scale of the risks and burdens involved, in particular for the most vulnerable, climate justice in the global dimension is obviously of high relevance. But global justice is not only relevant for its own sake, it is also instrumental for achieving the societal and global consensus necessary for a climate policy agreement which is intergenerationally just (Miller 2009 ): Only policy outcomes that are perceived to globally distribute burdens in a way that is at least minimally fair stand a chance of being accepted. For the new climate agreement currently under negotiation, questions of global justice may become a crucial aspect and -given the diverging positions and perspectives of different groups of countries -possibly a stumbling block.
The debate on climate justice is not only booming because of its practical relevance but also because of its overwhelming difficulty. It involves a whole set of novel issues that humanity is inexperienced in evaluating, such as intersecting questions of long time periods and large spatial scales, decision-making under extensive scientific uncertainty, or a thoroughly changed relationship between humans and non-human nature (Gardiner 2011) . One aspect that makes debates about climate justice particularly challenging is their close interdependency with fastchanging scientific developments. A large part of the climate justice debate arises among natural and social scientists when they are prompted by their results to face inescapable questions of justice. Another part of the debate originates among moral and political philosophers aiming to apply or adapt their existing theories of justice to the new challenge of climate change. However, all too often, neither the natural and social scientists from the empirical side nor the moral and political philosophers from the normative side have a good grasp of each other's work. This insight was the starting point for a workshop of the Network for Interdisciplinary Climate Research at the University of Zurich and ETH Zurich 1 which had the goal to interweave empirical and normative perspectives on climate justice.
2 This workshop provided the foundation for the present special issue. Some of the ideas elaborated here were originally discussed on this occasion, while other contributions were invited.
Given the complexity of the problem of climate change, involving natural, political, socioeconomic, and value systems, any systematic response to this problem must draw on a variety of research disciplines. While at first, it was only a topic for climate (and closely related) sciences, social sciences have become extensively involved in the debate more recently. With growing knowledge in all of these scientific disciplines, it is not only important to promote an open dialogue across disciplinary boundaries, but also to integrate the different perspectives. If research in the various disciplines is to effectively and reliably inform political decisions and societal strategies to deal with climate change, we need to go beyond common but overly narrow conceptions of scientific disciplines (Hirsch Hadorn et al. 2006 ).
Yet, to effectively inform real-world climate policy, an interdisciplinary dialogue exclusively involving the natural and social sciences is insufficient. Policy choice is not only driven by questions such as BWhat is the current situation?^And BWhat are the outcomes for the climate and mankind given specific actions (or inaction)?^Choosing the appropriate response 1 http://www.climate-network.uzh.ch/ 2 It should be noted that we use Bempirical^here in a very liberal sense, as the opposite of Bnormative^. The contrast we want to draw is between research that answers Bis^-questions (including Bis^-questions about the law) and research that answers Bought^-questions. While the latter often goes under headings such as ethics, moral and political philosophy, or justice research, the former goes under headings such as empirical research or positive science (or also descriptive or factual research; or sometimes merely science simpliciter).
to climate change also requires determining which of these futures is to be preferred. The interdisciplinary dialogue hence must also involve normative insights. Such insights have been examined and debated in the field of climate justice, or climate ethics. This is a thriving area of research and the IPCC has given it prominent and extensive attention for the first time in its fifth Assessment Report (AR5). Indeed, given the limited interaction of research strands represented in the different chapters of this report, the question arises on how to strengthen the dialogue between scholars from the natural and social sciences on the one hand and moral and political philosophers on the other hand.
Considerations of justice in the context of climate change are not just an abstract academic endeavor. For over 20 years, parties to the UN Framework Convention on Climate Change (UNFCCC) have debated how to operationalize its normative principles of inter-and intragenerational equity. Within these debates, the underlying conflicts of interests between the participants have become obvious, as showcased in the negotiations on 'historical responsibility', which were marked by the dispute between developed and developing countries (Friman and Hjerpe 2015) . While one might be tempted to reduce these debates to a matter of pure politics, arguments related to equity play an important role in the establishment of country positions. Hence, while at first sight, negotiations seem to primarily reflect political bargaining, the quasi-omnipresence of equity considerations within this process hints at the fact that the normative dimension is intrinsic to the political process (Okereke 2010) . In fact, as Shue (1992) puts it, considering justice within climate policy is unavoidable and a deeper understanding of justice-related issues is necessary to come to an agreement that is normatively and politically acceptable.
Given the complexity of the climate change problem, there is no single issue of 'climate justice', but rather a multi-dimensional challenge for seeking the normatively acceptable. Parks and Roberts (2006) , for instance, propose 10 layers of climate justice which need to be addressed within climate policy. Understanding and solving the different justice-related issues, hence necessarily requires the integration of different areas of expertise, which turns 'climate justice' into a formidable challenge for an ongoing interdisciplinary dialogue. Fostering such a dialogue requires thinking in terms of specific problems, but not within the boundaries of disciplinary Bhome turfs^. In this special issue we focus on issues of climate justice in order to promote such a dialogue.
To foster interaction on climate justice between empirical and normative disciplines, this issue takes an unconventional approach. Each subject is addressed by two different papers, with a first paper reflecting findings in the natural or social sciences or law. A second BcompanionBpaper complements the discussion by examining the normative aspects of the problem at hand. While each paper still represents an independent research article in itself, we encouraged the dialogue between the authors of each pair prior to and during the writing process. As the level of interconnection within each pair was left to the authors, the degree of disciplinary interlacing varies among the different contributions. Yet, each pair in this issue displays the open mindset necessary for future interdisciplinary work in the respective field.
Of course, in an exercise such as this special issue the same open mindset is also required on the part of the reviewers, the editors, and ultimately also the reader. As each pair of papers can only touch on some, but not all important aspects in the respective area, we are confident that they serve as valuable contributions for opening up further avenues in the ongoing interdisciplinary dialogue on climate justice.
Structure of special issue
This issue not only contributes to long-standing justice debates with new scientific evidence but also reveals and highlights questions of justice and themes that have not received sufficient attention so far. A series of papers first addresses the enormous global mitigation challenge by focusing on carbon budget and burden-sharing approaches as well as on border tax adjustments. Following that, negative impacts of climate change are approached by a number of contributions that analyze whether recent progress in the field of attribution of impacts to anthropogenic climate change can contribute to the justice discussion. Eventually, a series of papers shed light on perspectives and perceptions of various actors, including local communities in various geographical and cultural settings, the general public and developing countries.
The global mitigation challenge
Based on earlier studies and proposals (e.g. Meinshausen et al. 2009 ) the IPCC's AR5 assessed the carbon budget of the Earth, with temperature increasing approximately proportionally to the total emitted CO2 (IPCC 2013). Knutti and Rogelj (2015) extend in this issue on the IPCC AR5 and specify a number of critical aspects of the carbon budget which are relevant in the justice discussion. Their argument is that the carbon budget approach has a number of simple but far-reaching implications that so far have not yet appropriately been addressed by policy. The basic message is that climate science is now sufficiently clear about the remaining carbon budget for keeping global warming under certain thresholds of temperature increase (such as 2°C) with a certain probability. This is the basis for passing the ball to climate policy, but also climate justice. The companion paper by McKinnon (2015) in this issue follows exactly this path and outlines the fundamental issues that matter for distributing the remaining carbon budget among countries. McKinnon (2015) analyzes principles of distributive justice concerning the allocation of emission rights and the costs of mitigation. However, she extends the perspective by touching on related justice aspects such as compensation for the harms caused by climate change, introducing considerations of criminal justice into climate debates, and catastrophe ethics. The latter issues are closely tied to discussions breached upon by a number of other contributions to this special issue, such as Mera et al. (2015) ; Thompson and Otto (2015) ; Huggel et al. (2015) , and Wallimann-Helmer (2015b) (see below).
The question of how to fairly allocate the burden is approached from a more practical perspective in the contributions to this issue by Schuppert and Seidel (2015) as well as Ohndorf et al. (2015) . Both papers critically assess budget approaches to allocate and trade emissions. In 2009, assuming the 2°C guardrail the German Advisory Council on Global Change (WBGU) developed a cap and trade mechanism which not only describes the necessary emission cuts to keep emissions within the budget to secure the 2°C guardrail but also does so in a manner that is perceived to be feasible for all involved parties. In their contribution to this special issue, Schuppert and Seidel (2015) critically assess the proposal by the WBGU. They highlight several normative issues in the WBGU budget approach which should be made more explicit and in some cases revised. Most importantly, they argue that the rationale for calculating the remaining budget should be revised in order to avoid implausible assumptions. Furthermore, they argue that the WBGU proposal is not necessarily linked to equality as the core principle of justice. From the perspective of environmental economics, Ohndorf et al. (2015) critically discuss the issues raised by Schuppert and Seidel (2015) . They argue that despite its normative flaws the WBGU proposal can serve as an important tool for raising awareness of the necessity to counteract climate change by mitigation efforts. The WBGU approach and budget approaches more generally can serve this goal particularly well because they are easy to understand and try to calculate the remaining emission budget as straightforwardly as possible.
Given how the global community struggles to achieve a coordinated effort and given that few if any countries do their fair share as specified by burden-sharing principles, unilateral climate action becomes an important topic. Unilateral action in turn makes border tax adjustments a relevant issue and this is the topic of the pair of papers by Weber (2015) and Brooks (2015) (both in this issue). They examine the legal and ethical issues implied by this policy instrument. Weber (2015) considers border tax adjustments to be a second-best solution for making progress on climate mitigation measures but the big challenge is the question whether these measures can be implemented such that they do not conflict with the legal framework of the World Trade Organization (WTO). He shows how this is difficult but not impossible, depending on the exact design of the measure and the interpretation of the relevant WTO law. In the companion article, Brooks (2015) critically assesses the premises and conclusions from Weber's paper. He widens the scope to argue that, more generally, strategies based around taxation-such as the Global Resources Dividend, the polluter pays principle and border tax adjustment-are less convincing than they might seem at first sight. For example, carbon taxes might just not be enough to achieve a sustainable future in case polluters with sufficient means simply continue to emit despite facing a price increase for doing so.
Attribution and loss and damage
Several papers in this issue are concerned with questions of attribution of climate change, and climate change impacts to anthropogenic greenhouse gas emissions. Detection of observed changes and attribution to climate change has a longer tradition in physical climate science. For climate change impacts research this is a more recent field and there is still some way to go to fully clarify methods and the implications of the research (results) (Stone et al. 2013) . Also, the dissemination into the larger research community is still underway. One of the important debates emerging from attribution research centers around the question whether attribution, and in particular attribution of extreme weather events, can usefully inform international climate policy, and more generally, whether it can usefully contribute to climate justice debates. Some recent studies (such as Pall et al. 2011) see a role for attribution in debates about adaptation funding, whereas Hulme et al. (2011) and Hulme (2014) strongly argue against this claim. However, with the rise of loss and damage as a policy mechanism, which is increasingly pushed in the international climate negotiations, several contributions in this issue add depth and substance to the emerging debate and examine from different perspectives whether, and to what degree, attribution can have a role in informing or supporting loss and damage policies. Mera et al. (2015) contribute to this issue with a study on heat waves in California which have a disproportional impact on Latino workers. By means of probabilistic event attribution (PEA) they evaluate to what degree extreme temperatures in California can be attributed to anthropogenic climate change. The case is interesting because it reflects the occurrence of injustice within a major GHG emitting country, where a group of people bear a higher burden than others due to their high exposure to high temperatures (as opposed to people working with air-conditioning, for instance). A similar case is analyzed in Huggel et al. (2015) (this issue): indigenous communities in Alaska suffering from coastal erosion and floods. As the authors show, however, the causal relations all the way from anthropogenic climate change with effects on sea ice reduction and thaw of permafrost to observed loss and damage is complex and needs further research. Thompson and Otto (2015) (this issue) argue from a justice perspective for a role of PEA in loss and damage policy but not in adaptation. They point to the important role of recognition in a reconciliation process as a critical element in the policy negotiations. Extending from current discussions about the role of attribution for adaptation on the one hand, and loss and damage on the other hand, Wallimann-Helmer (2015b) sheds light on this difference from a justice perspective. He argues that the primary concern of a loss and damage policy mechanism should be compensatory justice, including remedial responsibility, corrective liability, and fair remedy. An important aspect in the justice discussion on loss and damage is the distinction between recoverable damage and irrecoverable loss. Examples of irrecoverable loss can be found, for instance, in case of small islands (see Betzold (2015) in this issue), or the Arctic (see Huggel et al. (2015) in this issue) with the loss of land, property and cultural identity which all have implications of justice (see Zellentin (2015) in this issue).
Regional and development perspectives
Those who live in developing countries are the most vulnerable to the effects of climate change, as underlined not only by scientific evidence but as has also been highlighted in several decisions by the parties to the UNFCCC (cf. (UNFCCC 2011 (UNFCCC , 2012 (UNFCCC , 2013 IPCC 2014; UNFCCC 2014) . Historical responsibility and considerations of capacity imply a leading role for developed countries in both climate change mitigation and adaptation. However, global climate politics finds itself in a deadlock-like situation. This is not only because it seems difficult to find a compromise between developing and developed countries each insisting on their respective understanding of a just distribution of burdens. But as a number of papers in this issue show, it is also because justice issues concerning developing countries are more complex than they first appear.
Among the countries first and most severely hit by climate impacts are Small Island Developing States (SIDS). Hazardous weather events and slow onset events will put these people at higher risk to face loss and damage, and in extreme cases will make leaving their homeland necessary. In her review article in this issue Betzold (2015) provides an overview of the scientific evidence about obstacles for appropriate adaptation efforts in SIDS. She argues that in order to overcome these obstacles more comparative research to provide communities at local levels with the appropriate understanding and resources to tackle climate impacts is necessary. Zellentin (2015) analyzes in this issue one aspect of the obstacles discussed by Betzold (2015) ; cultural loss due to disappearing homeland that at least some SIDS will risk. She argues that culture is fundamental for our self-understanding and thus self-respect. Since we all have a right to the social bases of self-respect, the risk of cultural loss due to climate change becomes an issue of justice which needs to be dealt with through appropriate adaptation efforts.
As far as justice in burden-sharing is concerned, the current situation is more complex than is reflected by the simple differentiation between Annex I and Non-Annex I-countries, which features in the UNFCCC negotiated in 1992. Many countries which were attributable to the developing world in the early 1990s experienced rapid growth in both economic output and greenhouse gas emissions. Hence, many observers call for these countries to take up some form of reduction commitment in order to resolve the deadlock in the international negotiations which became apparent over the years. Michaelowa and Michaelowa (2015) show in this issue that within the group of emerging economies one can indeed find countries which are either supportive of binding commitments or which started to engage unilaterally in mitigation activities. They plausibly conclude that these developments could provide new dynamics in the international climate negotiations.
The public view and perception
The complexity and multi-faceted nature of climate change makes it necessary to address the subject by integrating various perspectives not only from the relevant disciplines, but also from different societal actors in different parts of the globe. A main concern for successfully addressing climate change is the divergence between science and the public concerning the understanding of climate change. This divide seems to have grown despite massive efforts of science in communication and outreach (Patt and Weber 2014) . The importance of climate change perception by individuals, the public and other agents is undisputed and increasing empirical and theoretical evidence has accumulated (Myers et al. 2013; Capstick et al. 2015) .
In the policy discussion, local and indigenous communities have received increasing attention, often in relation to their high vulnerability to climate change. In their contribution to this special issue, Jurt et al. (2015) provide insight into the understanding of climate change of local mountain communities in the Andes of Peru and the Alps of Italy. By means of ethnographic work, they examine two communities who experience glacier retreat, their understanding of themselves as members of particular groups and their position in the world, their view on responsibilities for causing climate change, and their perceptions of possible responses. The views in local communities differ from dominant perspectives on issues such as the role of nature or the appropriateness of local versus global responses to climate change. In the companion paper, Calder (this issue), tackles the hard questions about what to make of the variety of beliefs about climate change in different contexts. He argues that the primary question is not how to fairly deal with differing beliefs but which of these beliefs are ultimately most adequate to reality. The justice implications and perspectives of such perceptions of local communities need to be analyzed in further detail. But without doubt this type of research offered by ethnographic studies has the potential to generate an insight that is highly relevant and able to add important substance and depth to the discussion.
A wide divergence of beliefs about climate change and especially climate justice can not only be found between developing and developed countries but also within developed countries and their political debates. Schmidt and Schäfer (2015) investigate in this issue the diversity of constructions of climate justice in public debates by providing a qualitative analysis of several leading newspapers in the US, Germany and India. They found five different patterns which show the complexity of these constructions and which do not allow for an easy compromise between different countries. Betz (2015) in his contribution to this issue argues that the variety of constructions of climate justice not only displays normative disagreement. In the public there are also disputes about scientific evidence which as such influences understandings of what climate justice could mean. Betz (2015) argues that there are good reasons for why a society should mainly engage in evaluative discussions but should not question the scientific bases for these evaluations. However, if there is no societal agreement on whom to count as trustworthy scientific experts for climate research, a society might be right to question the scientific basis for its policy decisions.
Conclusion
As our experience with this special issue shows, climate change is such a multi-faceted problem that interdisciplinary research is a necessity. This is much more easily said than done. In the course of the publication of this special issue there were many lessons to be learned. First of all we saw how the exchange between our authors allowed them to expand the focus of their respective disciplines. Philosophers considered literature from various fields they would not have touched upon in their usual course of inquiry. Scientists and legal scholars became more sensitive to the normative dimensions and justice-related intricacies involved in their research. This enabled all contributors to open up to different vocabularies and standards of research. At the same time, however, several obstacles to the success of this issue emerged as well. For such an endeavor it is necessary to find researchers who are ready to engage with other disciplines and to take up ideas and comments which at first sight might not seem relevant and out of place from their disciplinary perspective. Due to the special format another challenge was to communicate the interdisciplinary character of this special issue to the reviewers and to put the reviews in context accordingly without risking to diminish the disciplinary quality of contributions. For the guest editors this came with a further challenge. We not only had to become familiar with different disciplinary vocabularies and standards of research but also had to judge the quality and relevance of contributions in the light of our overall aim as well as disciplinary standards of quality.
Taking a step back, it is eye-opening to look at the number of researchers involved in this issue. We would like to thank all our approximately 40 authors (authors of rejected papers included) for the willingness to engage in this unique project. Without their commitment to the aims and their readiness to engage with their companion paper and partners it would have been impossible to reach this result. In the same vein we would like to thank the approximately 50 reviewers. Their biggest challenge was to secure the disciplinary quality of the articles with an eye towards the interdisciplinary subject of the special issue. Due to the special issue's scope and structure the biggest share of contributors and reviewers are philosophers (approx. 30 %). Another part of contributors and reviewers are geographers (approx. 16 %), political scientists and climatologists (each approx. 14 %). Other groups of contributors and reviewers belong to economics (approx. 10 %), law, sociology and journalism, anthropology and psychology (each approx. 5 %). Thus, there is a genuine variety of disciplines.
The special format of this issue brings together several disciplines dealing with issues of justice in climate change. While this diversity makes it difficult to reach fully general conclusions about the needs of a future research agenda, there are a certain number of points that can be gleaned. First, we have definitely not reached a 'saturation point' in terms of the interdisciplinary involvement which is necessary for appropriately understanding the challenge of climate change. Second, in order to reach better interdisciplinary results it would not only be necessary to have researchers from different fields engaging with each other as they did in our format with paper pairs but also to conduct more joint research and joint publications. Last but not least, although we have nearly 100 scientists making this interdisciplinary collaboration a success we recognize that most contributors and reviewers of this issue are either based in Europe (approx. 70 %) or the US (approx. 20 %) while only a few are from other countries and only two researchers are affiliated with a university in a Non-Annex I country. The disproportionally small representation of researchers from Non-Annex I countries in this special issue and in general in climate change research has multiple roots and is a justice issue in itself. The problem and the far-reaching implications have been recognized to a certain extent and efforts are made to improve the situation such as is done in the IPCC AR5. In the field of climate justice, expertise from researchers in developing countries is much needed, and efforts to strengthen local capacities and voices should be a priority of international research and assistance.
